Bull-half sib steer comparisons: phenotypic correlation and carcass prediction using ultrasound by Spangler, Matthew Lee
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2003 
Bull-half sib steer comparisons: phenotypic correlation and 
carcass prediction using ultrasound 
Matthew Lee Spangler 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Spangler, Matthew Lee, "Bull-half sib steer comparisons: phenotypic correlation and carcass prediction 
using ultrasound" (2003). Retrospective Theses and Dissertations. 20048. 
https://lib.dr.iastate.edu/rtd/20048 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Bull-half sib steer comparisons: phenotypic correlation and carcass 
prediction using ultrasound 
by 
Matthew Lee Spangler 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Animal Breeding and Genetics 
Program of Study Committee: 
Doyle E. Wilson, Co-major Professor 
Gene H. Rouse, Co-major Professor 
Abebe Hassen 
Philip Dixon 





Iowa State University 
This is to certify that the master's thesis of 
Matthew Lee Spangler 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
iii 






Real-Time Ultrasound Accuracy 
Technician Effects 
Correlation Between Ultrasound Measurements and 
Carcass Measurements 
Ultrasound Parameters and Heretabilities 
12th_13th Rib Fat Thickness 
Ribeye Area 
Intramuscular Fat 
Growth and Development of Beef Cattle 
Sex Differences in Carcass and Ultrasound Data 
Fat: External and Intramuscular 
Muscle 
Adjustments and Prediction of Carcass and Ultrasound Data 
BULL-HALF SIB COMPARISONS: PHENOTYPIC CORRELATION 
AND CARCASS PREDICTION USING ULTRASOUND 
Abstract 
Introduction 
Materials and Methods 



































Records from Angus bulls (n = 257) and steers from Angus sires (n = 212) over a 
four-year period were used in this analysis. The bulls and steers shared in common twenty 
Angus sires. All animals were serially scanned from weaning to slaughter for the following 
ultrasound traits: 12th_13th rib fat thickness (FTK), ribeye area (REA), rump fat thickness 
(RF), percentage intramuscular fat (PFAT), and weight at scanning (WT). Phenotypic 
correlation estimates between bull data adjusted to a year of age and steer data adjusted to 
average age at slaughter (390 days) were derived by the CORR procedure from SAS and 
were correlated by sire. Two sets of correlation estimates were derived, no age of dam 
adjustments in either sex and bull data adjusted using pooled estimates from the American 
Angus Association (AAA). The more notable estimates are as follows (AAA adjustments) 
.19, -. 41, .19, .42, .40, -. 43 for SREA (steer REA) and BREA (bull REA), SREA and 
BFTK, SFTK and BFTK, SPFAT and BFTK, SPFAT and BPFAT, SREA and BRF, 
respectively. Prediction models were derived using bull measures adjusted to a year of age 
and for age of dam (AAA) to explain steer marbling score (MS) and percent retail product 
(PRP). All explanatory and response variables were averaged by sire. The final prediction 
model for PRP explained 47.5% of the variation and included BFTK, BRF, BPFAT and the 
interaction between BFTK and BPFAT. The final prediction model for MS explained 34.2% 
of the variation and included BRF, BPFAT, the interaction between BRF and BFTK, and the 




Real-time ultrasound has been used successfully as a non-destructive method to 
measure compositional traits in beef cattle. It has been used most prevalently in seedstock 
operations as a means of marketing their animals based on ultrasonic data. It has also been 
used as a selection criterion in seedstock herds and as a way of ranking animals within 
contemporary groups. 
To a lesser extent ultrasound has been used to make marketing decisions in the 
feedlot industry. By determining the fat thickness and the degree of marbling, feedlot owners 
can avoid undesirable yield grades and excessive feed costs. Ultrasound can also be used as 
a predictor of carcass quality in young feedlot calves. Although this is not commercially 
done now, it should increase in popularity with added research and model development. 
The link between these two uses for ultrasound, feedlot and seedstock, lies in the 
understanding of the differences between sexes of beef cattle. It has long been understood 
that bulls, heifers, and steers grow and mature at differing rates. Not only are they 
genetically different, but also they are usually fed differently because of their intended 
purpose. These differences in growth curves must be understood before selection of 
seedstock for the production of feedlot off spring can take place. 
The objectives of this study are to: 1) determine phenotypic correlation between 
ultrasonically measured traits in steers and bulls at a constant age, 2) use bull ultrasound 
measures to predict steer carcass composition. 
2 
Thesis Organization 
This thesis contains an abstract, general introduction, a review of the literature, an 
individual paper, literature cited throughout the thesis and a general summary. Tables and 
then figures follow the paper. The paper is written for submission to the Journal of Animal 
Science, and follows the Journal of Animal Science Style and Form. 
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LITERATURE REVIEW 
Real-Time Ultrasound Accuracy 
Technician Effects 
Before selection decisions can be made using ultrasound data, there must be 
assurance that the data is accurate. The acceptance of ultrasound by producers is dependent 
on the use of qualified technicians and equipment (Herring et al. 1994). Both the field 
technician who collects the images and the lab technician who interprets them must be 
qualified. A certain level of competency must be obtained by successfully completing 
certification. The quality of the images collected, repeatability, and bias are determined for 
each technician. Reference scanners as well as carcass data are used as benchmarks. Once 
this certification is successfully completed then breed associations can use the images 
collected or interpreted by these technicians for national cattle evaluations. However, both 
repeatability and bias are concerns for future images even after certification is achieved. 
Hassen, et al. (1996a), reported overall bias for fat thickness and ribeye area of -.17 
cm and .63 cm sq., which were well within BIF guidelines at the time. Hassen, et al. (1996b) 
found that ultrasound measures of fat thickness and ribeye area from technicians with 
varying levels of experience were repeatable within and across technicians. Herring et al., 
(1994) conducted a study where by three technicians using two machines on two consecutive 
days ultrasonically scanned a set of cattle. The correlation estimates between days ranged 
from .36 to .90 and .69 to .90 for ribeye area and fat thickness, respectively. He found 
significant (P < .10) interactions between technician and machine. This interaction is why 
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during certification a technician must certify with the machine that they intend to use. Using 
unfamiliar equipment could lead to inaccurate data collection. Herring (1994) is quick to 
point out that ultrasound is a valid tool if the proper personnel and equipment are used. 
Regardless of technician, it has been found that ultrasound has tendencies to 
inaccurately measure traits in certain circumstances. Duello (1993a) reported that ultrasound 
tended to overestimate ribeye area when the actual carcass ribeye area was less than 83.9 cm2 
and underestimate it when it was greater than 90.3 cm2. These findings are supported by 
Greiner (1997) who found that ultrasound overestimated cattle with ribeye muscle are 
smaller than 71.0 cm2 and underestimated those greater than 90.3 cm2. Greiner also reported 
that leaner cattle were overestimated and fatter cattle were underestimated. Carcass fat 
thickness has been found to have a significant effect on the error of measurement for both 
ultrasound fat thickness and ultrasound ribeye area where fatter cattle are more difficult to 
scan and interpret (Greiner 1997, Herring et al. 1994). 
Correlation estimates between ultrasonic measurements and carcass measurements 
For ultrasound to be widely accepted, producers must see the correlation between 
ultrasound data and the carcass information. If the correlation is too low then producers are 
likely to avoid using ultrasound as a means of selecting superior animals. In this discussion 
it is important to note that carcass measurements are not without error (Duello 1993b). The 
human error associated with ribeye area and fat thickness measurements along with hide pull 
errors can lead to larger standard errors of ultrasonic measurements (Rouse et al. 1996). 
Marbling score is a subjective measurement and although highly trained USDA graders are 
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responsible for the determination of this score, there is still the possibility of error. In a 
project progress report, Steinkamp (1995) reported standard errors of prediction for 
ultrasonically measured fat thickness, ribeye area and intramuscular fat of +/- .28 cm,+/-
6.26 cm2 and +/-1.2 percent, respectively. He also reported a correlation of .75 between 
intramuscular percent fat and ether extracts while the correlation between marbling score and 
ether extracts was the same. This should be encouraging for those wishing to increase 
intramuscular fat through selection based on ultrasound data. Sapp et al. (2002) used twenty 
Angus bulls that were selected to create large differences in ultrasound percent intramuscular 
fat percentages. She found that selection for high percent intramuscular fat using ultrasound, 
or the corresponding EPDs from the ultrasound measurements can be expected to increase 
steer marbling and quality grade. Just as encouraging, the selection for increased 
intramuscular fat doesn't seem to have a large effect on the deposition of external fat as 
evidenced by the genetic correlation estimates used by the American Angus Association in 
the 2003 genetic evaluation of .09 between carcass fat and marbling score and .22 between 
ultrasonically measured traits of intramuscular fat and external fat. 
Wilson et al. (1999b) re-evaluated the genetic correlation estimates between 
ultrasound traits and carcass traits. He found that the correlation estimates between 
ultrasonically measured traits and carcass traits were similar to previous estimates and that 
the genetic correlation estimates between ultrasonically measured and carcass traits of 
marbling, ribeye area, and fat thickness in either yearling bulls or steer carcasses were all 
higher than .70. From these results, Wilson suggests that the traits are identical. Similarly, 
Bertrand et al. (1997) reported genetic correlation estimates of .65 and .69 for ribeye area and 
fat thickness, respectively. Izquierdo (1996) reported genetic correlation estimates of .95 for 
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intramuscular fat and close to 1.0 for fat thickness, suggesting that the traits are identical 
within steers. However, this idea of identical traits is not without opposition. Crews et al. 
(2001) looked at across sex correlation and suggested that real-time ultrasound measures of 
replacement bulls and heifers at 12 and 14 months of age may be considered as different 
traits as compared to the corresponding carcass traits of steers. He found genetic correlation 
estimates between ultrasound measures of bulls at 12 and 14 months of age and carcass 
measures in steers were .71 and .67 for ribeye area, similar to the results found by others. 
The contradiction comes in the genetic correlation estimates for fat, which Crews et al., 
(2001) reported as.23 and .21 for 12 and 14 months between ultrasound measures in bulls 
and carcass measures in steers. In a more recent study, Crews et al. (2003) found genetic 
correlation estimates in Simmental cattle to be .79 and .83 for carcass fat thickness with bull 
and heifer ultrasound fat. 
Wilson et al. (2000) warns that actual ultrasound measures for body composition in 
seedstock animals should not be used to compare animals unless the proper adjustments are 
made. Seedstock bulls express less variation in fat thickness and thus do not give a fair 
comparison to corresponding steer carcasses (Bertrand et al.1997). At a typical slaughter 
age, fattening genes are not fully expressed in bulls as they are in steers. Consequently, 
ultrasound measures of fat thickness in yearling bulls may be useful to predict steer progeny 
fat thickness, but the same measures may not be as useful to predict bull progeny fat 
thickness (Izquierdo 1996). The low level of fat cover in yearling bulls ( < 5mm) may also be 
near the accuracy limit for ultrasound (Crews et al. 2002). This is why Bertrand et al. (1997) 
suggests eliminating contemporary groups with a low average fat thickness, so that suitable 
variation exists among the yearling seedstock. Rouse et al. (1996) reported positive 
7 
correlation estimates between ultrasound measures of fat thickness and ribeye area and the 
corresponding carcass measurements of .93 and .91, respectively. Greiner (1997) reported 
similar correlation estimates of .89 and .86 for fat thickness and ribeye area as an average of 
two years of data. The correlation estimates ranged from .86 to .90 for fat thickness and .79 
to .91 for ribeye area. 
There are conflicting estimates on genetic correlation between fat thickness and 
longissimus muscle area in the literature concerning carcass and ultrasound data. Genetic 
correlation estimates appear to be positive for ultrasound data but negative for carcass data 
(Kemp et al. 2002). Moser et al. (1998) reported sign differences but his confidence interval 
both included zero. Arnold et al. (1991), attributes the sign differences to differences in 
growth patterns between seedstock and slaughter steers where seedstock have only scan data 
and steers have only carcass data. The positive genetic correlation between ultrasound fat 
and ultrasound ribeye area suggests that ultrasound fat is not indicative of maturity in young 
breeding animals (Arnold et al. 1991). Kemp et al. (2002) suggests that the differences may 
occur because of difference in age at which the measurements were taken. Reverter et al. 
(2000) found correlation estimates between carcass fat thickness and scan ribeye area to be 
negative and the same to be true for carcass ribeye and scan fat thickness. However, the 
estimates varied greatly across breeds. 
Crews et al. (2002) reported the accuracy of breeding values as calculated by a 
carcass model and by a live data model. They found that the breeding values from the 
carcass model were less accurate. Further more, Crews (2002) observed that the addition of 
live animal data increased the accuracy of the breeding values, on average, 91, 75, and 51 % 
for carcass weight, longissimus muscle area, and fat thickness, respectively. 
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Ultrasound Parameters for Heritabilities 
12th_J31h Rib Fat Thickness 
The herertability estimates available in current literature range from .11 to .51, the 
lowest of which was reported by Moser et al. (1998) and the highest by Reverter et al. 
(2000). The estimate reported by the American Angus Association (AAA) in the spring 2003 
Sire Summary is .39. It is interesting to note that the higher heritabilities generally occur 
closer to 12 months of age. This is in agreement with the findings of Hassen et al., (2002) 
who found that the best age to calculate herritabilities is closest to a year of age. It is also 
important to note that for more genetic and phenotypic variation to be observed, the 
adjustment must not be made to a correlated end point, in this case weight (Wilson et al., 
1993). There are also slight differences in heretability estimates between the sexes. Bulls 
tended to have smaller heritability estimates for fat thickness than did heifers. Steers had 
larger heretabilty estimates for fat than did bulls (Izquierdo 1996). This may be explained by 
the fact that bull populations express less variance in fat. Devitt et al. (2001) reported that 
steers exhibited more phenotypic and additive genetic variance for carcass traits for both 
weight and age adjusted end points. 
Ribeye Area 
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Heritability of ultrasound ribeye area measures ranged from .25 reported by Arnold et 
al. (1991), to .61 reported by Crews at al. (2001). The larger heritability estimates occurred 
closer to 12 months of age and were from bulls. The lower estimates were from steers. 
National cattle evaluation program for AAA use heritability estimate of .38. For ribeye area it 
is important to consider the endpoint to which they were adjusted. When adjusting to a 
weight constant end point caution must be observed because ribeye area is dependent upon 
the weight of the animal. This could lead to a decrease in genetic and phenotypic variation 
observed because weight accounts for some of the ribeye area variation (Izqueirdo 1996). 
The differences in heritability estimates between the sexes may be explained by the 
differences in maturity patterns displayed by them. 
Intramuscular Fat 
There are far fewer estimates of heretability for intramuscular fat as compared to the 
previous mentioned traits. In Angus cattle, Izquierdo (1996) found heretability estimates for 
ultrasonically measured intramuscular fat to be .26 and .22 in bulls for age constant and 
weight constant basis, respectively. Kemp et al. (2002) reported an estimate of .51 for steers 
while Reverter et al. (2000) found an estimate of .33 pooled across sexes for Angus and .20 
for Hereford. Izquierdo (1996) found the estimates to be much higher for steers. On a weight 
constant basis the estimate was .84 and on an age constant basis the estimate was .81. The 
estimate used by the American Angus Association from the spring 2003 Sire Summary is .31. 
Again the extreme variation in estimates between sexes may be explained by the larger 
variances associated with a steer population. 
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Growth and Development of Beef Cattle 
The normal growth curve of a calf follows a sigmoidal curve with acceleration being 
evident at puberty and slowing of growth evident around maturity (Berg and Butterfield 
1976). Fat comprises a small amount of the carcass at birth and it increases slowly until the 
fattening phase at which the rate of fat deposition increases. Animals are usually slaughtered 
near the end of their pubertal growth and thus before reaching their mature body size. 
Consequently, information concerning the growth patterns of slaughter animals may not be 
fully understood because they are not allowed to reach maturity. 
The first period of growth is generally thought of as birth to about seven months of 
age. During this time most of the growth occurs in the skeletal, visceral organs and muscle. 
During the second period, age 7 to 14 months, muscle tissue growth begins to supercede that 
of skeletal and organ growth. Later in this period the accumulation of fat tissue begins. 
During the third stage, age 14 to 27 months, organ and bone growth is completed and muscle 
growth begins to decline. The deposition of fat is accelerated during this period. The 
majority of the weight gained in the fourth period of life is fat (Izquierdo 1996). This general 
pattern of cattle growth is based on grazing cattle and most certainly the timetable is 
accelerated in grain-fattened cattle and the rate of acceleration is dependant on the stage of 
maturity at which they are placed into the feedlot phase. 
The majority of muscle growth occurs prior to the fattening phase. When rapid 
fattening begins to occur, then it can be reasoned that the genetic potential for muscle has 
been reached. Rouse (2003) reported that fat thickness deposition increased from weaning to 
yearling and that there seemed to be more nutrients available for external fat, or waste fat, 
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deposition around yearling time in Angus bulls. Rouse points out what he calls the 10: 1 
concept where cattle deposit approximately ten times more waste fat (external fat, seam fat, 
and kidney, heart and pelvic fat) than intramuscular fat. This makes sense because 
intramuscular fat appears to be a function of age and waste fat a function of weight. Rouse 
suggests that because of the independence of these two traits maybe neither an age nor 
weight constant is a totally accurate end point. 
Genetic potential is subject to many variables, one of the largest being sex. Berg and 
Butterfield (1976) describe the bull as the most perfect of the sexes and the others are trying 
to grow on the same pattern but are unable to due to the lack of androgen. Through the 
implementation of implants we may have been able to narrow the gap between bulls and 
steers, or heifers for that matter, but there still does not seem to be a perfect replacement for 
gonadal androgen stimulation. The differences in muscle tissue growth in beef cattle may be 
best understood as a function of their purpose. 
Berg and Butterfield (1976) examined the steps of life of beef cattle and followed 
muscle development as a calf ages and it's role and needs change. As newborn calves, the 
sexes have the same goal, survival. Thus, they have relatively the same composition. They 
all then increase in skeletal size throughout their pre-pubital and early adolescent life. Again, 
their composition does not vary much from each other. It is in late adolescence that their 
respective roles within the herd change. Mc Whir et al. (1986) looked at the differences 
between the days to market finish, and weight at market finish between bulls and steers. The 
measurement of finish was Canada grade Al finish or 7mm of backfat. The ratios for steer to 
bull values for days to market finish and weight at market finish were .901 and .928, 
respectively. The right to reproduce causes changes in the bull that do not appear in the 
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heifer or the less fortunate emasculated brothers. This right to reproduce is the fundamental 
difference that molds the compositional differences and rates of compositional change 
between the sexes. 
Sex Differences Recorded in Carcass and Ultrasound Data 
Sex influences the growth of body tissues and affects carcass composition and 
distribution of weight within the tissues (Berg and Butterfield 1976). 
Fat: External and Intramuscular 
Berg and Butterfield (1976), believe that fat is the tissue that is most influential in 
altering the carcass composition between the sexes. Duello et al. (1993b) reported that young 
bulls possessed .36 cm less external fat than steers at comparable weights. This is just one 
example and the magnitude of this difference varies in the literature, but they all agree that 
bulls remain leaner than steers. By the same token, heifers are fatter at comparable weights 
when compared to either bulls or steers (Hassen et al. 2001). Crews et al. (2002) reported 
that yearling bulls had l.55mm less fat than their heifer contemporaries did on average. Berg 
and Butterfield (1976) reported a 39 % increase in carcass fat due to castration. 
Subcutaneous and intermuscular fat increased 71and26 %, respectively. Berg and 
Butterfield (1976) explain that at the same fat level, bulls had higher muscle to bone ratios 
than steers. They explained that this difference is due to the fact that the impetus for 
fattening supercedes that of muscle growth at lighter weights in heifers than steers and in 
steers as compared to bulls. With this in mind one must consider marketing different sexes 
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on different grids. If bulls are leaner then they should be marketed at grids that reward 
cutability and maybe they could best be utilized in the fast food industry where large 
quantities of lean beef are in high demand. Bulls may also off er a larger window of weights 
in which to market in without fear yield grade penalties. 
Steers appear to have the advantage in marbling over bulls. Duello et al. (1993b) 
reported that bulls exhibit a darker colored, courser textured lean that, on average, has .5 to 1 
percent lower ether extract than steers of the same quality and yield grade. Scott et al. (2001) 
reported that heifers had an advantage over steers in quality grade. Based on data from the 
Certified Angus Beef database he found that when chill times increased from one day to 3-4 
days, heifers increased by 39% of a marbling degree where steers showed an increase of only 
8% of a marbling score. 
Even within yield grades there appears to be differences in fat content between 
sexes. Jones et al. (1990) reported that heifers had a higher predicted percentage of seam fat 
across all yield grades. However, the increase in both seam fat and intramuscular fat in 
heifers makes them fatter than they appear or than their USDA yield grade suggests. A 
heifer's predicted percent seam fat is equivalent to a steer's at a full yield grade higher. In 
other words a heifer with a yield grade of 2.5 would have the same percent seam fat as a steer 
with a yield grade of 3.5 (Jones et al., 1990). Glimp et al. (1971) reported similar findings. 
In steers and heifers of the same quality and yield grade, on average heifers were .5 to 1 
percent fatter in comparable muscles. 
The differences in fat content between the sexes can be explained as a function of 
hormonal levels and nutrition. Most seedstock bulls and heifers are fed much differently 
than are feedlot cattle. Feedlot cattle are fed in a manner so that they will reach a 
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compositional endpoint at the fastest possible rate. This often includes larger quantities of 
concentrates in an ad libitum fed diet. Replacement bulls and heifers, however, are grown on 
a lower concentrate diet to an age end point at which they will begin their reproductive roles. 
Steers are fed to a compositional maturity while replacement-breeding stock is fed to a sexual 
maturity. Reverter at al. (2000) reported that ultrasound measures for fat on yearling heifers 
were moderately to highly correlated with abattoir data from steer carcasses and that the 
correlation was not as pronounced in yearling bulls. This could be representative of a more 
similar growth curve between steers and heifers and thus steer composition could be better 
predicted using heifer data. 
Glimp et al. (1971) tested the hormonal effects on composition of carcasses and 
growth rates. In Hereford and Angus, calves were subject to one of six treatment groups. 
These groups were intact males, short scrotum at birth, short scrotum at weaning, castration 
at birth, castration at weaning, or Russian castration. There were no preweaning differences 
detected for average daily gain among the treatment groups. The intact males gained faster 
in the feedlot as compared to all other groups. Based on secondary sex characteristic scores, 
the short scrotum groups were reported to be as sexually developed as the intact males. The 
intact males and the short scrotum males had more lean and less fat at slaughter. These two 
groups also had more bone weight. The castrates had a higher degree of marbling. Perhaps 
most interesting is the fact that with the exception of tenderness, a trained test panel was 
unable to tell differences between the groups. A similar study by Glimp (1971) was done 
with sheep. This time the treatment groups included intact males, intact males receiving a 
3mg diethylstilbestrol implant, short scrotum males, and wethers castrated at birth. The 
wethers had a lighter weight at weaning and lower average daily gain. The wethers and short 
15 
scrotum males had a higher dressing percentage than did the intact males groups. The short 
scrotum males were similar to intact males in terms of growth rate and superior to rams in 
terms of meat quality. The short scrotum males were similar to wethers in terms of quality. 
The main contradiction between the two studies is the difference in average daily gain prior 
to weaning. Sheep are commonly weaned at 90 days where cattle are commonly weaned at 
205 days. It is possible that at 90 days sheep are more mature than are cattle at 205 days. 
This would explain why difference in growth rates between treatment groups is expressed 
before weaning in sheep. 
Not only are absolute values of composition different between the sexes but perhaps 
more interestingly, the rates of change are as well. After all, the rates of change of 
composition are more reflective of the differing maturity patterns and growth rates. Berg and 
Butterfield (1976) explained that the rate of fattening for bulls is less than that of steers or 
heifers and therefore bulls can be slaughtered over a wider span of weights. Hassen et al. 
(2001) reported individual animal regression parameters for fat thickness from ultrasound 
data in Angus cattle to be .035mm per day for replacement heifers and .029mm per day for 
bulls, respectively. Intramuscular fat was deposited at a rate of .004% per day in bulls and 
.009% per day in heifers. Other rates of change vary in the literature but most agree that it is 
not only breed dependant but also sex dependant. The genetic trends of these compositional 
traits as described by Wilson et al. (1993) are significant and positive for longissimus muscle 
area and hot carcass weight and small, yet significantly negative, for fat thickness and 
marbling score. 
Most examples in the literature use linear regression analysis to calculate the 
parameters for rates of change. However, Duello (1993b) points out that although the 
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quadratic effects in most models are either insignificant or small in magnitude, the growth 
patterns of beef cattle are better described by a curve rather than a straight line. This stands 
to reason. The growth pattern of cattle and the deposition of tissue do not continue at an 
ever-increasing rate. At the time of measurement, whether it is 12 months for bulls and 
heifers or slaughter for steers, cattle are still growing at a linear rate. If we measure cattle 
past these ages then we might be able to see the quadratic effect that is present. 
Muscle 
Bulls naturally have more muscle content than do their steer and heifer counterparts 
at similar weights. This is because the androgenic effect of male hormones is needed to 
complete the full pattern of muscle development (Berg and Butterfield 1976). Berg and 
Butterfield (1976), showed that castration accounted for 7.5 percent decrease in live weight 
growth and 20 percent decrease in muscle growth when all of the live weight advantage of 
bulls over steers was accounted for by the muscle advantage of bulls. Muscle only accounted 
for half of the live weight advantage of steers over heifers. Crews et al. (2002) found a 10.45 
sq. cm difference in ribeye area between yearling bulls and heifers in favor of the bulls and a 
13.73-sq. cm advantage for the steers over bulls. However, it is important to note that steers 
had an average hot carcass weight of 300 kg and the average live weight of the bulls and 
heifers was 369 kg. Crews (2002) also reported that the range of yearling bull real-time 
ultrasound muscle area breeding values was 50% larger that that of yearling heifers. Perhaps 
more reflective of the differences in growth of the sexes is the rate of deposition of muscle. 
Hassen et al. (2001) reported individual animal regression parameters from ultrasound data to 
be .24cm2 per day for ribeye area in Angus bulls and .18cm2 per day for Angus heifers, 
respectively. Although there are differences between the sexes in deposition rate of muscle, 
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there seems to be similar trends. In Angus scan data from 1998-1999, it was found that in 
both bulls and heifers heavier animals had larger ribeye areas (Minick et al. 2000a; Minick et 
al. 2000b). 
The distribution of the muscle also differs between the sexes. Berg and 
Butterfield (1976), explain that bulls increase proportionately more in forequarter muscles, 
which tend to be lower in economic value. As a percentage of carcass weight, forequarter 
muscles make up 36.4 percent in bulls and 30.8 percent in steers, respectively. The 
hindquarter makes up 33.4 percent of the carcass weight in bulls and 33.2 percent in steers. 
The more expensive muscles are those of the proximal hind limb, the muscle around the 
spinal column, and the proximal forelimb and thus are of more interest as we look at the 
differences among the sexes. As a percent of total side muscle weight, the expensive muscle 
constitutes 53.2 percent in bulls, 54.3 percent in steers, and 56.1 percent in heifers. These 
differences were found to be statistically significant. Although bone makes up the same 
percentage of the carcass weight in both bulls and steers, bulls tend to have a superior muscle 
to bone ratio as compared to either steers or heifers. This, coupled with lower external fat, 
should lead to cutability advantages for bulls. 
In conclusion, because of the maturity differences between the sexes due to differing 
hormonal levels, selection for increased ribeye area in seedstock bulls will increase the ribeye 
area muscle of their bull offspring with more certainty than their steer or heifer progeny at a 
constant age. This is because bulls are more capable of displaying their genetic potential for 
muscle due to a longer growth period. Selection for rib fat thickness in yearling bulls will 
increase the fat thickness of their steer or heifer progeny with more certainty at a constant age 
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than their bull offspring because steers and heifers will express fat at an earlier age (Berg and 
Butterfield, 1976; Izquierdo 1996). 
Adjustments and Prediction of Carcass and Ultrasound Data 
The goal of any evaluation is to fairly compare animals. In order to due so it is 
important to make the appropriate adjustments. There are three common points to adjust to: 
age, weight, and composition. Koch et al. (1995) suggests that differences in tissue growth 
rate be adjusted to a constant age, differences in composition to a constant weight and traits 
measuring maturity differences to a constant finish. However, Shanks et al. (2001), found 
that genetic evaluations of carcass traits for Simmental cattle including hot carcass weight, 
percent retail cuts, marbling score, fat thickness, and longissimus muscle area conducted on 
either an age, weight, or marbling constant basis produced similar rankings. Shanks et al. 
(2001) points out that breeding values for percent retail cuts computed at a constant age basis 
may not rank Simmental cattle accurately if the animals are slaughtered at a constant fat 
thickness. The key in deciding the adjustment point is to look at how the traits of interest 
change as animals grow and develop. Serial slaughter is one way of doing this but it is 
expensive in terms of both labor and money. It also usually includes small sizes and thus the 
possibility for error is high (Wilson et al. 1993;Duello, 1993). 
A more economical way that incorporates larger sample sizes is the use of serial 
ultrasound data. In a study involving 1,200 Angus heifers, linear adjustments were used to 
evaluate ultrasound traits (Wilson et al., 1999a). Only ribeye area had a significant quadratic 
effect but the R2 value was unchanged as compared to the linear effect. In 2000, similar 
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research was done by observing over 7 ,000 Angus heifers and 27 ,000 Angus bulls. In this 
study animal age, age of dam, animal scanning weight, and gain from weaning to scanning 
and their two-way interaction were used. Both age of dam effect and gain from weaning to 
scanning were highly significant. It was found that younger dam's calves were lighter 
weight at scanning and higher in marbling. Weight regressions were used for ribeye and both 
rump and rib fat while age regressions were used for percent intramuscular fat (Wilson et al. 
2000). In a similar study including 1,200 Limousin heifers and over 2,700 Limousin bulls, 
significant covariates for rib fat and ribeye area were percent Limousin blood and scan 
weight (Anderson, 2002). Percent Limousin blood and scan age were used as covariates for 
intramuscular fat. Age of dam was be significant (P <. 10) but did not improve the R2 value 
enough to be included in the final model. 
Greiner (1997) used both ultrasonically measured traits and carcass traits to predict 
percent retail product in steers. He points out that measurements of fat had stronger 
correlation with percent retail product than did measurements of muscle, and in his particular 
study, 12th rib fat was the most influential with a correlation of-. 74. He is quick to point 
out, however, that other researchers have found the ultrasonic measurement of rump fat to be 
more influential in percent retail product than that of 12th rib fat and that ultrasonically 
measured rump fat was significant in his model. He states that the live animal measures 
could improve the prediction of percent retail product, especially with the inclusion of the 
rump fat measure. Ultrasound measures of 12th rib fat and rump fat accounted for 63% of the 
variation in percent retail product in his study. Williams et al. (1997) found results similar to 
those of Greiner (1997) in that the best models from live animal measures accounted for 
more variation in percent retail product than models using carcass measures found in USDA 
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equations. Hamlin et al. (1995), on the other hand, found ultrasound measures to account for 
approximately 10% less of the variation in percent retail product than carcass measures. Tait 
(2002) found ultrasonically measured fat and ultrasonically measured combination of rump 
fat and 12th rib fat to be more significant explanatory variables in single trait models than any 
carcass measurement in the prediction of retail product yield. Tait (2002) also found 
significant (P <0.001) effects of live animal measures of fat, ribeye area, weight at scanning, 
and rump depth that explained almost 45% of the variation in percent retail product from the 
four primals. 
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BULL-HALF SIB STEER COMPARISONS: PHENOTYPIC CORRELATION AND 
CARCASS PREDICTION USING ULTRASOUND 
A paper to be submitted to the Journal of Animal Science 
M.L. Spangler, D.E. Wilson, G.H. Rouse, and A. Hassen 
Abstract 
Records from Angus bulls (n = 257) and steers from Angus sires (n = 212) over a 
four-year period were used in this analysis. Bulls and steers shared in common twenty Angus 
sires. Starting at weaning, all animals were serially scanned for: lih_13th rib fat (FTK), 
ribeye area (REA), rump fat thickness (RF), percentage intramuscular fat (PF AT), and 
weight at scanning (WT). Phenotypic correlation estimates between bull data adjusted to a 
year of age and steer data adjusted to average age at slaughter (390 days). Two sets of 
correlation estimates were derived, no age of dam adjustments in either sex and bull data 
adjusted using pooled estimates from the American Angus Association (AAA). The more 
notable estimates are as follows (AAA adjustments) .19, -. 41, .19, .42, .40, -. 43 for SREA 
(steer REA) and BREA (bull REA), SREA and BFTK, SFTK and BFTK, SPFAT and BFTK, 
SPF AT and BPFAT, SREA and BRF, respectively. The final prediction model for percent 
retail product (PRP) explained 47.5% of the variation and included BFTK, BRF, BPFAT, 
and the interaction between BFTK and BPFAT. The final prediction model for marbling 
22 
score (MS) explained 34.2% of the variation and included BRF, BPFAT, the interaction 
between BRF and BFTK, and the interaction between BPF AT and BFTK. 
Introduction 
Real-time ultrasound has been used as a means of ranking and selecting potential 
seedstock replacements and as a way of determining end composition of steers by way of 
feedlot scanning. Linking these two current uses could be very beneficial to commercial 
cattle producers who wish to market steers based on yearling scans of bulls. Selection based 
on yearling bull ultrasound measures should only occur with the knowledge of the correlation 
of the traits of interest between the sexes. With the knowledge of growth curve differences, 
and correlation estimates, selection decisions can be made for bulls that will fit the intended 
steer marketing system of the producer. 
The purpose of this study was to gain insight into the growth pattern differences 
between bulls and steers that share common Angus sires, and to provide prediction equations 
using bull measures and other variables to predict half sib steer carcass traits. 
Materials and Methods 
Data were obtained from steers (n = 212) and bulls (n = 257) born over four years 
(1999, 2000, 2001, and 2002). These two groups of cattle shared in common twenty Angus 
sires. All bulls were purebred Angus from the Rhodes research farm. All steers were sired by 
purebred Angus bulls while the breed of dam differed (Simmental, Angus, Charolais, 
Simmental x Angus, Charolais x Angus, Charolais x Hereford, and other Simmental cross 
dams). All bulls were fed at the Rhodes farm until selection decisions were made. Bulls not 
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retained as replacement sires were harvested using weight and percentage intramuscular fat 
as criteria for harvesting dates. All steers were born at the McNay research farm. Steers 
born in 1999 were fed at the McNay research farm and steers in subsequent years were fed at 
the Armstrong research farm. Steers were subject to various implant regiments. Steers were 
selected for harvest based on ultrasonically measured external fat and percent intramuscular 
fat. All cattle were harvested using standard industry protocol. 
Real-time ultrasound images were collected and interpreted by a CUP or APTC 
certified technician. Images were collected serially on all bulls a maximum of six times and 
a minimum of five times in 1999 and 2000 and a maximum of eight times and a minimum of 
seven times in 2001 and a minimum of four times and a maximum of five times in 2002. 
Images were collected on steers twice in 1999 and 2002 and either 3 or 4 times in 2000 and 
2001, depending on harvest dates. Ultrasound images were collected using a Classic 
Scanner 200 (Classical Medical Co., Tequesta, FL) with a 3.5Mhz 18-cm linear array 
transducer. Measurements taken include: 1) live weight {held off feed overnight until 
scanning was completed) (WT), 2) longissimus dorsi area between the 12th and 13th ribs 
(REA), 3) subcutaneous fat thickness between the 1th and 13th ribs at the% position (FTK), 
4) subcutaneous fat thickness over the termination point of the biceps femoris in the rump 
(reference point) (RF), 5) percent intramuscular fat in the longissimus dorsi muscle between 
the 1th and 13th ribs (PFAT). The three types of images collected to acquire these images 
include: 1) a cross-sectional image between the 12th and 13th ribs was used to determine REA 
and FTK, 2) a longitudinal image collected above the line from the hooks to the pins in line 
with the shaft of the ileum was used to determine RF, 3) four independent longitudinal 
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images collected over the lih and 13th ribs, approximately Y2 to% the distance laterally 
across the longissimus dorsi were used to determine the percent intramuscular fat. 
Data from these measurements were edited so that only records from animals that 
maintained a positive weight gain of over one pound per day during the scan period were 
used. Animals represented in this study maintained a positive rate of deposition for all traits. 
All analysis was done using MEANS, REG, MIXED, CORR, and GLM procedures of SAS. 
Bull and steer measures were adjusted to 365 and 390 days, respectively, based on individual 
animal regressions. Adjusted data were then used to complete phenotypic correlations 
between bull and steer measurements. The REG procedure was used to derive rank 
correlations. Individual animal regressions were averaged by sire within sex. The GLM 
procedure was used to develop prediction models for retail product and marbling score in 
steers from bull measures adjusted to 365 days of age and for age of dam using American 
Angus Association estimates. All prediction equations were derived from values averaged 
by sire line. 
Results and Discussions 
Table 1 gives the abbreviations for all measurements collected in this study. A list of 
Angus sires used and the number of individual steer and bull progeny per sire are shown in 
Table 2. Before further explanation of results, it is important to note a couple of innate 
problems with the structure of this experiment. The steers used in this study were also used 
for other research such as nutritional and implant trials and thus there are several fixed 
effects, which are not accounted for in this analysis. The first scan of steers occurred at a 
greater age and weight than the first scan of bulls. Most importantly it must be noted that 
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harvest dates vary based upon external fat, weight, and intramuscular fat so complete growth 
curves may not be noticed. Means by year of birth and by sex are in Tables 3 through 10. 
Rates of change and rank correlation 
Rank correlation coefficients between mean bull and steer slope for REA, FfK, RF, 
PFAT, WT, and CWT are shown in Tables 11and12. Coefficients for REA, FfK, and RF 
rank correlation estimates for weight slope were very similar to those of age slope (.38 vs . 
. 34 for REA, .23 vs .. 08 for FfK, and -.08 vs .. 28 for RF). Although RF shows slightly 
greater rank correlation estimates on an age slope, it is important to note that this trait is 
generally considered to be weight dependant. Rank correlation estimates for the weight 
dependant variables from the first three years data for REA, FTK, and RF were .40, .42, and 
.55 on a weight slope and .19, .41, and .37 on an age slope. Rank correlation estimates suffer 
from a lack of variation in the bull data and thus are lower than expected. The variation in 
some traits decreased in year four of this study and thus the rank correlation estimates from 
all four years combined are different, and lower, than the first three years data. There was 
also an addition of five new sire lines in the fourth year. PFAT appears to be a function of 
age as the rank correlation on an age slope was .31 as compared to the weight slope rank 
correlation of -.07. The rank correlation for WT was-. 22 which is unexpected. Problems 
with incorrect weights due to scale malfunctions or fill may play a role in this. However, 
rank correlation for CWT should eliminate both of those possible sources of error but the 
result did not significantly change (r = -. 13 for CWT). This leads to the hypothesis that there 
are maternal effects playing a large role in the variable WT. These maternal effects were 
hypothesized to be from both age of dam and breed of dam in the steers and age of dam in 
the bulls. 
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Tables 13 and 14 give means, standard deviations, and ranges for individual animal 
weight and age slopes of REA, FfK, RF, PFAT, and WT measures. Figures 1through8 
graphically illustrate these linear regressions. There is more variation in the steer population 
for all traits. Steers appear to deposit FfK, PFAT, and RF at a faster rate than bulls. 
However, the difference in weight slopes for RF between the sexes is not as great as the other 
fat measurements (RF slopes of .00179cm/kg in steers vs .. 00157cm/kg in bulls). Bulls 
appear to increase in REA and WT at a quicker rate than steers. However, at similar weights 
the difference in REA between the two sexes is not as large as expected certainly do to the 
use of some continental breeds as dams of the steers and the fact that the steers benefit from 
implants. Yet another explanation perhaps comes from Berg and Butterfield (1976). They 
explain that although bulls deposit more muscle at a faster rate than steers the majority of the 
muscle is deposited in the forequarter, or the less economically important regions. They 
found that when comparing the economically desirable regions such as the loin, the rate of 
muscle deposition was more similar. 
Hassen et al. (2001) used four hundred and twenty eight bulls born during 1998 and 
1999 from the Rhodes research farm to evaluate growth and tissue deposition from individual 
animal regressions. The estimate reported for BFfK, BRF, and BWT are very similar to 
those reported in this study (.029 mm/d vs .. 030 mm/d for BFfK, .025 mm/d vs .. 026 
mm/day for BRF and 1.59 kg/d vs. 1.61 kg/d for BWT). However, the BREA regression 
estimate of .21 cm2/d is lower than the estimate of .24 cm2/d reported by Hassen. Also, 
Hassen (2001) reports a change of .004% per day for BPFAT while this study shows a larger 
estimate of .009% per day. This particular herd of cattle that supplied the bull data for both 
studies is used to derive a retail product line and a quality.line. With successful selection for 
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PF AT it should be expected that the rate of change of PF AT would increase and perhaps this 
speaks to the ability to make changes on intramuscular fat through selection. This idea is 
supported by Sapp et al. (2002) who selected twenty Angus sires that would create large 
phenotypic differences for PFAT. They concluded that selection for phenotype or PFAT 
EPD should lead to increased marbling and higher quality grades in steer progeny. The lower 
REA rate of change reported in this study as compared to Hassen (2001) could be affected by 
many things ranging from differing year effects to less successful selection for REA. From 
these comparisons it could be suggested that selection for increased intramuscular fat could 
be more successful than selection for increased percent retail product by increasing BREA. 
Selection for increased BREA as a means of increasing percent retail product is more logical 
than selection for decreased BFTK since selection for decreased BFTK could ultimately lead 
to feed efficiency problems as well as longevity and reproductive efficiency problems in any 
replacement females. However, since the largest coefficient in the percent retail product 
equation is associated with fat thickness, selection for increased ribeye area to increase 
percent retail product may not yield desired results. It is also important to note that rate of 
deposition should be expected to be breed dependant with British breed steers differing from 
Continental breeds. 
Figures 9 through 12 represent the point at which the RF and FTK slopes cross. In 
bulls this appears to happen at around 230 to 260 days of age or between 295 and 340 
kilograms. The point at which this happens in steers is not clear as the point at which the 
intersection of the RF and FTK slopes is outside of the range of the data for this study. 
However, Figure 9 suggests that this would occur at 250-300 kg and Figurel 1 suggests that 
within the range provided, there is no intersection. It can be hypothesized that this 
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intersection represents a change in compositional maturity and that all sexes are at the same 
point on their growth curve during this time. If this is so, bulls and steers may be most 
comparable at those respective ages when FfK starts to be deposited faster than RF. 
Maternal effects 
The fact that both the steer and bull data had confounding effects makes the actual 
AOD effects less clear. In the steer population, some AOD classes and breed of dam classes 
were confounded with each other. In the bull data some AOD classes were confounded with 
year of production. The main effect of AOD in the steer data was significant (P < .05) for 
PFAT. The interaction between AOD and nested effect of scan within year was also 
significant (P < .05) for PFAT. The trend of solutions indicates that younger dams produce 
higher marbling offspring. This same trend was indicated in the bull data with less statistical 
significance. This trend may be because calves from younger cows are older at a constant 
weight and since marbling is age dependent, these calves are higher marbling if slaughtered 
at a constant weight end point. This trend in serial scan data is harder to justify but perhaps it 
is genetic trend. If producers have been attempting to increase quality grade because of the 
implementation of several pricing systems that reward increased intramuscular fat, then the 
youngest dams should be genetically superior for intramuscular fat. However, this theory of 
genetic trend is not supported by Wilson et al. (1993) in which he reports a small, yet 
significantly negative genetic trend for marbling score (-.003 units/yr.). This effect is very 
small in magnitude in this study, and thus was not adjusted for. 
The same model was used to evaluate AOD effects in the bull data. The main effect 
of AOD was significant (P < .05) for WT. The interaction of AOD and scan nested within 
year was significant as well (P < .01). The trend was for younger dams to have lighter 
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weight calves at all measurement points and for the AOD effect to decrease over time. It is 
important to note that only AOD classes of two years through six years are represented in the 
bull data for this study and that ages five and six are combined in this analysis. Other notable 
dam age effects in the bull data includes the main effect for RF (p-value .0743). 
Phenotypic correlation 
The AAA AOD adjustments increased all variable means with the exception of 
PFAT, as PFAT was not adjusted for AOD. Standard deviations also differ between the two 
sets of means for the variables that were adjusted. This should be expected since a constant 
adjustment was not applied to all measurements, rather an adjustment to specific individuals 
for specific measurements. 
Correlating measures by sire line may have further condensed what was already a 
small amount of variation in the bull data. The strongest estimates within bulls are .89, .53, 
.46, .66, and .59 for RF and FTK, PFAT and FTK, RF and PFAT, FTK and WT, and RF and 
WT, respectively (Table 15). The strongest estimates within steers are .52 .70, .49, .60, .45, 
and .56 for REA and WT, FTK and RF, FTK and PFAT, RF and PFAT, FTK and REA, and 
RF and REA, respectively (Table 16). The strongest between sex correlation estimates from 
all four years data are .18, -. 41, .40, -. 47, -. 65, -. 36, -. 46 for steer REA (SREA) and bull 
REA (BREA), SREA and BFTK, SPF AT and BPFAT, SREA and BRF, SREA and BWT, 
SFTK and BWT, and SRF and BWT, respectively (Table 17). 
Using the same procedure except using AAA adjusted bull data the strongest within 
bull estimates were .89, .63, .59, .71, and .58 for RF and FTK, PFAT and FTK, RF and 
PFAT, FTK and WT, and RF and WT, respectively (Table 18). The strongest between sex 
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estimates are .19, -. 41, .40, -. 43, -. 63, -. 26, -. 37 for steer REA (SREA) and bull REA 
(BREA), SREA and BFfK, SPF AT and BPFAT, SREA and BRF, SREA and BWT, SFfK 
and BWT, and SRF and BWT, respectively (Table17). 
This is significantly different from the results from the first three years data, which 
suggests that there are several moderate correlation estimates between the sexes. The data 
from the first three years is included in Table 19. The differences are dramatic. The 
inclusion of new animals and new sires would certainly make a difference. Perhaps more 
pertinent is the fact that there are many fixed effects built into this study that are not adjusted 
for. The relationship of the animals, not just sire, should be used in calculating the true 
estimates of correlation. At any rate, these estimates are more encouraging and closer to 
those in the literature. 
Prediction models 
The AAA adjusted bull data was used to predict steer marbling score (MS) and 
percent retail product (PRP). The MS used in this analysis is the same as used by both BIF 
guidelines and AAA where, for example, a MS of 5.0 is equal to small 0 or low choice. 
Below is the equation used to derive RP where fat is equal to 12th rib fat, rea is equal to 
ribeye area, hcwt is equal to hot carcass weight, and kph is the percent kidney, heart and 
pelvic fat. 
Percent retail product= 65.69 - (9.931 *fat)+ (1.2259*rea) - (.013166*hcwt) - (l.29*kph) 
(BIF, 2000) 
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All explanatory and response variables were averaged by sire line and those averages were 
used as possible variables for prediction equations. Possible variables for inclusion as 
explanatory variables in the models are BREA, BFTK, BRF, BPFAT, BWT, and all two-way 
interactions. Table 20 shows explanatory variables for MS along with significance values. 
For MS, the significant variables were BRF, BPFAT, the interaction of BRF and BFTK, and 
the interaction of BPF AT and BFTK. These interactions should be expected because of the 
moderate to strong correlation between these fat measurements. This model explained 34.2% 
of the variation in MS with a RMSE (root mean square error) of .43 units of a marbling 
score. 
MS= 3.7 -21.12xBRF + 4.23xBPFAT + 34.43x(BRFxBFTK)-5.73x(BPFATxBFTK) 
Table 21 shows the best one, two, three and four variable regression models for MS. PFAT 
explains the most variation as a single variable predictor and is included in the best two, 
three, and four variable models suggesting it explains the largest source of variation in MS. 
Table 22 shows explanatory variables for PRP along with significance values. For 
PRP a model consisting of BFTK, BRF, BPFAT and the interaction of BFTK and BPFAT 
explained 47.5% of the variation in PRP with a RMSE of .79 %. 
PRP = 92.57 -53.51xBFTK + 10.07xBRF-7.16xBPFAT + 10.92x(BFTKxBPFAT) 
Table 23 shows the best one, two, three, and four variable regression models for the 
prediction of PRP. The three fat measures (BPFAT, BRF and BFTK) appear to be the most 
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significant in the prediction of both PRP and MS. The best single variable predictor of PRP 
was BPFAT. BPFAT is moderately correlated to the other bull fat measures. It is also 
moderately correlated to SPFAT, which is moderately correlated to both SRF and SFTK. 
BFTK appears in the best two, three and four variables models, but the small amount of 
variation expressed in BFTK may be the reason it is not the best one variable model. 
From these models it can be safely suggested that in this data set there are effects not 
represented in the models that significantly alter PRP and MS. The variable SAOD, for 
example, is not only a function of age of dam but of breed of dam as well and breed 
composition differences could alter both PRP and MS. It still can be concluded that breed 
differences must be considered before accurate correlation estimates and ultimately 
prediction models can be derived. 
The explanatory variables used to describe the variation in MS and PRP are 
correlated to each other. This creates problems as some variables are removed from the 
possible list of explanatory variables. It is clear that BFTK affects PRP and that BPFAT 
affects MS to some degree. Devitt et al. (2001) reported genetic correlation estimates of .88 
for age constant BFTK and steer carcass backfat and .80 for age constant BPFAT and steer 
carcass marbling. A slightly lower estimate for the genetic correlation between FTK of 
seedstock and fed steer and heifer carcass fat was reported by Moser et al. (1998) (r = .69). 
The lower estimate reported by Moser could be because he used Brangus bulls and heifers 
and Brangus sired steers and fed heifers and Devitt used multiple breeds. Crews et al. (2001) 
reported much lower genetic correlation estimates for BFTK and steer carcass fat of .23 and 
.21 (bulls measured at 12 months and 14 months) which is similar to the estimates derived in 
this study from all years data. From these estimates, Crews suggests those ultrasonically 
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measured traits in 12 and 14 month old bulls are different than the corresponding carcass 
traits of steers. Over half of the breed composition in the study by Crews was Continental 
(25% Charolais, 25% Simmental and 6% Limousin) and thus there may not be sufficient 
deposition of fat in yearling bulls. This study may be subject to some of the confounding 
breed effects that the study by Crews was subject to as well as a lack of variation. Crews et 
al. (2003) completed a similar study using Simmental bulls, heifers and steers. Here he 
found genetic correlation estimates of .79 and .83 between steer carcass fat with bull and 
heifer ultrasound fat. This is a much higher estimate than Crews et al. (2001) and perhaps 
part of this may be explained by the elimination of breed effects and perhaps there was more 
variation in the bull data. 
Rouse et al. (1996) reported a negative correlation between ultrasonically 
measured fat and percent retail product and a negative correlation between ultrasonically 
measured rump fat and percent retail product. Also reported by Rouse was that real-time 
ultrasound fat thickness accounted for the largest source of variation in percent retail product 
with a partial R2 of .575. The next largest source of variation was accounted for by 
ultrasonically measured rump fat with a partial R2 of .037. Both BRF and BFTK in this 
study are negatively correlated with SREA and there is a positive correlation between BFTK 
and SFTK, although it is low in magnitude. The inclusion of BPFAT in the PRP prediction 
equation may be explained by the low, yet positive correlation between BPFAT and SFTK. 
It can be suggested that SAOD effects marbling score. However, this conclusion from this 
study may be less clear do to the confounding effects between SAOD and breed of dam in 
the steers. The multiple interactions among these correlated explanatory variables combined 
with the sources of error associated with ultrasound prediction and the subjectivity and error 
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that can be associated with carcass measurement makes it difficult to pinpoint the specific 
sources of variation in the traits of interest and to what degree they have an effect. 
Implications 
There are several live animal traits between steers and bulls that have been shown to 
be moderately correlated in this study. Other estimates of correlation in the literature show a 
strong genetic correlation between bull live animal measures and steer carcass traits. The 
knowledge of these correlation estimates is crucial in understanding how to predict steer 
carcass traits from live animal measures of bulls. Just as important is the knowledge of the 
growth and development differences between steers and bulls. The age of dam effects not 
only in the live animal measures, but in the steer carcass measures as well are of great 
importance, and correct adjustment procedures must be made. Further serial scan data needs 
to be collected and further research concerning model development needs to be completed 
before exact prediction of steer carcass traits using bull live animal measures can be done, 
and it must be noted that these predictors will be breed specific. However, using the before 
mentioned knowledge of correlated traits and maternal effects, both age and breed, can give 
insight as to the end carcass traits of steers. 
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Table 1. Abbreviations of traits and other terms 
Term Definition 
REA Ultrasonically measured ribeye area, cm2 
FTK Ultrasonically measured external fat thickness, cm 
RF Ultrasonically measured rump fat, cm 
PFAT Ultrasonically measured intramuscular fat, % 
WT Weight at scanning (held off feed the night before), kg 
CWT Hot carcass weight of the animal, kg 
AOD Age of dam, years 
PRP Percent retail product 
MS Marbling score 
AAA American Angus Association 
YEAR Year of measurement 
BVARIABLE Variable corresponds to bulls 
SVARIABLE Variable corresponds to steers 
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Table 2. Angus sire registration number and frequency of bull and steer 
progeny per sire 
Sire Bulls Steers 
11160688 22 26 
11418151 9 21 
11928774 12 7 
13288993 14 5 
13288994 12 6 
13292713 15 18 
13294738 8 8 
13297220 13 9 
13318292 13 7 
13561456 7 13 
13561457 8 12 
13565612 21 11 
13565613 21 10 
13565614 27 12 
13567604 22 14 
13898304 5 5 
13898305 10 7 
13898306 8 8 
13906722 6 5 
13921655 4 8 
13906722 6 5 
13921655 4 8 
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Table 3. Simple statistics adjusted to 390 days for steers born in 1999 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 44 84.7 6.61 73.9 95.2 
FTK, cm 44 1.13 0.28 0.66 1.79 
RF, cm 44 0.94 0.25 0.39 1.45 
PFAT, % 44 5.86 1.18 4.02 8.25 
WT, kg 44 555 39 446 652 
Carcass 
Measurements 
PRP,% 44 64.3 2.3 60.3 68.9 
MSa 44 6.1 0.9 4.9 8.1 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 4. Simple statistics adjusted to 390 days for steers born in 2000 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 41 81.6 6.9 60.4 93.9 
FTK, cm 41 1.17 0.34 0.48 1.94 
RF, cm 41 0.85 0.19 0.39 1.31 
PFAT, % 41 5.13 1.03 3.45 7.97 
WT, kg 41 549 47 415 650 
Carcass 
Measurements 
PRP,% 41 64.6 1.9 58.3 67.6 
MSa 41 5.9 1.1 4.3 9.2 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 5. Simple statistics adjusted to 390 days for steers born in 2001 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 94 84.1 7.6 66.6 104.9 
FTK, cm 94 1.14 0.27 0.38 1.72 
RF, cm 94 0.89 0.23 0.39 1.61 
PFAT, % 94 5.44 1.02 3.32 7.56 
WT, kg 94 562 40 460 675 
Carcass 
Measurements 
PRP, % 94 63.3 1.8 59.5 67.1 
MSa 94 5.6 0.7 3.9 7.3 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 6. Simple statistics adjusted to 390 days for steers born in 2002 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 33 93.3 8.2 74.8 119.6 
FTK, cm 33 1.31 0.35 0.62 2.09 
RF, cm 33 1.11 0.29 0.33 1.81 
PFAT, % 33 5.65 1.23 3.93 8.43 
WT, kg 33 570 33 521 628 
Carcass 
Measurements 
PRP,% 33 63.8 1.9 58.9 67.1 
MS a 33 5.8 0.9 4.8 8.1 
aTraces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 7. Simple statistics adjusted to 365 days for bulls born in 1999 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 23 85.5 5.6 77.2 95.5 
FTK, cm 23 0.82 0.14 0.62 1.14 
RF, cm 23 0.76 0.18 0.47 1.09 
PFAT,% 23 4.95 0.76 3.54 6.15 
WT,k~ 23 513 38 414 563 
Table 8. Simple statistics adjusted to 365 days for bulls born in 2000 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 73 77.5 6.4 61.9 95.4 
FTK, cm 73 0.74 0.23 0.41 1.59 
RF, cm 73 0.75 0.18 0.36 1.24 
PFAT,% 73 3.95 0.81 2.23 5.98 
WT, kg 73 483 37 397 556 
Table 9. Simple statistics adjusted to 365 days for bulls born in 2001 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 75 79.8 6.6 66.3 94.2 
FTK, cm 75 0.78 0.21 0.43 1.36 
RF, cm 75 0.66 0.17 0.34 1.14 
PFAT, % 75 3.95 0.73 2.43 5.77 
WT, kg 75 529 41 441 638 
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Table 10. Simple statistics adjusted to 365 days for bulls born in 2002 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
REA, cm2 86 79.5 7.5 57.9 99.2 
FTK, cm 86 0.59 0.16 0.35 1.05 
RF, cm 86 0.56 0.16 0.26 0.96 
PFAT,% 86 3.9 0.69 2.8 6.1 
WT,k!i! 86 464 37 366 536 
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Table 11. Rank correlation between bull and steer measures based on 
individual animal slopes averaged by sire from cattle born in 
years 1999, 2000, 2001 
Rank Correlation 
Trait Age Slope Weight Slope 
REA 0.19 0.4 
FTK 0.41 0.42 
RF 0.37 0.55 
PFAT 0.23 -0.21 
WT -0.1 ------------
CWT -0.13 ------------
Table 12. Rank correlation between bull and steer measures based on 
individual slopes averaged by sire 
Rank Correlation 
Trait Age Slope Weight Slope 
REA 0.34 0.38 
FTK 0.08 0.23 
RF 0.28 -.08 
PFAT 0.31 -.07 
WT -0.07 ------------
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Table 13. Simple statistics for individual bull slopes 
Independent 
Trait Variable Mean SD Maximum Minimum 
REA, cm2 wt 0.1301 0.0243 0.2219 0.0602 
FTK, cm wt 0.0018 0.0008 0.0051 0.0003 
RF, cm wt 0.0016 0.0006 0.0034 0.0002 
PFAT, % age 0.009 0.0047 0.0211 0.0 
WT, kg age 1.59 0.24 2.31 0.94 
REA, cm2 age 0.2076 0.0469 0.3633 0.0848 
FTK, cm age 0.0029 0.0014 0.007 0.0003 
RF, cm age 0.0026 0.0011 0.0063 0.0002 
Table 14. Simple statistics for individual steer slopes 
Independent 
Trait Variable Mean SD Maximum Minimum 
REA, cm2 wt 0.1165 0.0467 0.2371 0.0042 
FTK, cm wt 0.0025 0.0014 0.0093 0.0002 
RF, cm wt 0.0017 0.0011 0.0061 0.0 
PFAT, % age 0.0173 0.0121 0.1136 0.0002 
WT, kg age 1.55 0.35 2.92 0.51 
REA, cm2 age 0.1815 0.0738 0.3761 0.0091 
FTK, cm age 0.0039 0.0019 0.0109 0.0001 
RF, cm age 0.0027 0.0017 0.0073 0.0 
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Table 15. Bull phenotypic correlation estimates using bull traits adjusted to 365 days 
BREA BFTK BRF BPFAT BWT 
BREA 1 0.29 0.26 -0.02 o.38t 
BFTK 1 0.89** 0.52* 0.66** 
BRF 1 0.46* 0.59** 
BPFAT 1 0.23 
BWT 1 
t p < .1 
* p < .05 
** p < .01 
Table 16.Steer phenotypic correlation estimates using steer traits adjusted to 390 days 
SREA SFTK SRF SPFAT SWT 
SREA 1 0.45* 0.56** 0.28 .52* 
SFTK 1 .69** .49* 0.26 
SRF 1 0.39t 0.31 
SPFAT 1 0.23 
SWT 1 
t p < .1 
* p < .05 
**P < .01 
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Table 17. Correlation estimates by sire between bull traits adjusted to 365 days 
and steer traits adjusted to 390 days in years 1999, 2000, 2001. 2002 
SREA SFTK SRF SPFAT SWT 
BREA a 0.18 -0.11 0.01 -0.18 -0.12 
BFTKa -.41 t 0.17 0.08 0.27 -0.21 
BR Fa -0.47 t 0.16 -0.04 0.12 -0.28 
BPFAr -0.12 0.07 0.05 0.40t 0.22 
BWTa -.65* -0.36 -0.46* -0.14 -0.33 
BREAb 0.19 0.01 0.09 -0.13 0.01 
BFTKb -0.41 t 0.19 0.07 0.42 t -0.15 
BRFb -0.43t 0.21 0.13 0.28 -0.17 
BPFATb -0.12 0.07 0.05 0.40 t 0.22 
BWTb -0.63* -0.26 -0.37t 0.02 -0.25 
a No AOD adjustments 
b AAA AOD adjustments applied to bull data 
t p < .1 
* p < .05 
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Table 18. Bull phenotypic correlation estimates from bull mesures adjusted 
for age of dam and to 365 days of age 
BREA BFTK BRF BPFAT BWT 
BREA 1 0.33 0.29 0.16 0.38t 
BFTK 1 0.89** 0.63** 0.71 ** 
BRF 1 0.59** .58** 
BP FAT 1 0.31 
BWT 1 
t p < .1 
* p < .05 
** p <.01 
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Table 19. Correlation estimates by sire between bull traits adjusted to 365 days 
and steer traits adjusted to 390 days in years 1999, 2000, 2001 
SREA SFTK SRF SPF AT SWT 
BREA a 0.48t -0.24 -0.05 0.01 -0.12 
BFTKa 0.62* 0.61* 0.72** 0.69** 0.09 
BR Fa 0.22 0.58** 0.42t 0.48t -0.16 
BPFAr 0.56* 0.23 0.26 0.56* 0.25 
swr 0.34 -0.21 -0.19 0.03 0.31 
BREAb 0.48t -0.23 -0.04 0.02 -0.12 
BFTKb 0.61* 0.61* 0.72** 0.69* 0.09 
BRFb 0.22 0.59* 0.43t 0.48t -0.16 
BPFATb 0.56* 0.23 0.26 0.56** 0.25 
BWTb 0.39 -0.19 -0.18 0.05 0.35 
a No AOD adjustments 
b AAA AOD adjustments applied to bull data 
t p < .1 
* p < .05 
** p < .01 
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Table 20. Estimates, standard errors, and significance values for regression 
model predicting MS (R2 = .342) 
Parameter Estimate p > t 
lntercepta 3.7± 1.9 0.071 
RF, cm -21.12± 9.25 0.038 
PFAT,% 4.24± 1.66 0.022 
RFxFTK, cm2 32.43± 13.64 0.031 
PFATxFn, %xcm -5.73± 2.41 0.031 
aTraces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 21. Best one, two, three, and four variable regression models for the 
prediction of MS 
Model Variables in model 
1 PFAT 0.088 
2 PFAT FTKxPFAT 0.094 
3 PFAT RFxFTK FTKxPFAT 0.113 
4 RF PFAT RFxFTK FTKxPFAT 0.342 
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Table 22. Estimates, standard errors, and significance values for regression 
model predicting PRP (R2 = .475) 
Parameter Estimate p > t 
Intercept, % 92.57± 12.23 < .0001 
FTK, cm -53.51±17.69 0.009 
RF, cm 10.07± 4.39 0.037 
PFAT, % -7.16±2.99 0.031 
FTKxPFAT, cmx% 10.92± 4.11 0.018 
Table 23. Best one, two, three, and four variable regression models for the 
prediction of PRP 
Model Variables in model 
1 PFAT 0.071 
2 RF FTK 0.159 
3 PFAT FTK FTKxPF) 0.291 
4 RF PFAT FTK FTKxPFAT 0.475 
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Figure 3: Linear regression of FfK on AGE for both bulls and steers 
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Figure 6: Linear regression of FfK on WT for both bulls and steers 
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Figure 7: Linear regression of RF on WT for both bulls and steers 
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Figure 10: Comparison linear regressions of FfK and RF on WT in bulls 
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Figure 11: Comparison of linear regression of FTK and RF on AGE in steers 
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Figure 12: Comparison of linear regression of FTK and RF on AGE in bulls 
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It is important to note that the animals used in this study were managed similarly to a 
commercial production enterprise and thus not for the sole purpose of this study. It is also 
critical to note that conclusions outside of this data set cannot be made. The prediction 
equations derived from this study should not be expected to yield accurate estimates outside 
of the data used for this study. Further data and model testing needs to be performed in order 
for producers to be able to utilize such models. 
The critical pieces of information from this study are two fold: 1) The growth and 
tissue deposition differences between bulls and steers and 2) The process from which 
prediction equations using bull measures to predict steer carcass traits are derived. Producers 
and researchers alike can utilize the growth and deposition differences. Since PFAT appears 
to be age dependant, more days on feed could increase marbling scores for those cattle that 
already have the genetic potential to yield higher marbling carcasses. In general, when 
placing animals on feed longer, caution must be used to ensure bull carcasses do not exceed 
upper weight parameters and that steers do not deposit an excessive amount of external fat. 
For now it should be understood that selection for increased intramuscular fat in bulls 
should lead to higher marbling scores in steers. Also, selection for leaner bulls should 
increase the percent retail product in steers, although caution needs to be used because this 
could also lead to problems with fleshing ability and reproductive performance of females. 
The usefulness of BRF yearling scans should not be underestimated. Through importance in 
the models explained in this study, and the rank correlation estimates, it has been shown to be 
of importance relative to the other variables explored as a means of ranking sires and for 
prediction of steer carcass traits. In particular, RF may be useful earlier in the growth period 
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when bulls may express more phenotypic variation for RF than for FfK. Breed composition 
is also a key component of steer carcass and growth performance and must be considered. 
The phenotypic correlation estimates reported in this study and the correlation estimates 
reported by others should be the knowledge of researchers and producers alike. The 
knowledge of these estimates helps to explain the interaction of variables in prediction 
models and from a producer standpoint they must be understood so that selection does not 
cause unexpected and undesirable results. 
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